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(57) Abstract: A laser beam machining method and a laser 
beam machining device capable of cutting a work without pro- 
ducing a fusing and a cracking out of a predetermined cutting 
line on the surface of the work, wherein a pulse laser beam'(L) 
is radiated on the predetermined cut line (5) on the surface (3) 
of the work (1) under the conditions causing a multiple photon 
absorption and with a condensed point (P) aligned to the inside 
of the work (1), and a modified area is formed inside the work 
(1) along the predetermined cut line (5) by moving the con- 
densed point (P) along the predetermined cut line (5), whereby 
the work (1 ) can be cut with a rather small force by cracking the 
work (1) along the predetermined cut line (5) starting from the 
modified area and, because the pulse laser beam (L) radiated 
is not almost absorbed onto the surface (3) of the work (1), the 
surface (3) is not fused even if the modified area is formed. 
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. . SELECTION OF LASER BEAM SOURCE 

. . DETERMINATION OF MOVING AMOUNT OF WORK IN Z-AXIS 

DIRECTION 
. . ILLUMINATION OF WORK 

. .CALCULATION OF SUCH FOCUS POINT DATA THAT FOCUS POINT 

OF VISIBLE LIGHT OF LIGHT SOURCE FOR OBSERVATION IS 

POSITIONED ON SURFACE OF WORK 
..MOVEMENT OF WORK IN Z-AXIS DIRECTION SO THAT VISIBLE 

LIGHT OF LIGHT SOURCE FOR OBSERVATION IS POSITIONED ON 

SURFACE OF WORK 
. .MOVEMENT OF WORK IN Z-AXIS DIRECTION TO SUCH A POSITION 

THAT CONDENSED POINT OF LASER BEAM COMES INSIDE WORK 
. . FORMATION OF FUSING PROCESSING AREA INSIDE WORK 
. .CUTTING OF WORK "> 
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^©XM^MbTjtjaxM^©i^^t3^b^^oinx^tj©j?^[^^^ 

#^£^3 i/-ifJax^fc cfcftfcfs i^-if^©^^^Jnxmt/©iP^ 
^^^^nxmtf©rt^4»©Al!fM^^iRi-r§ffi (fll;U« 

®) ^'j^M^ti^o tow^7>f >c^ofciim*jnx^4&©^®xi±*® 

cttii^ ^M^^iPX^tI©P < 3^^©^M#JX{±«MiliJ^?fM^t^o «ko 
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*!8Wfc:^S lx— tftjpx^^^T, AUffifcfti?T/W *M>*m^#- 

b27y2*iM^i$ma<DXMm (M?Lizmm mmfa'r&m 

> mzm $ tix v > s ^§-s\ tt^v ^ x mvmm $ * & z t & < tavf # *rt m t * 

t^oT^xM^©^fc#5fe?iRiRfcJ;saJtS^*^1-*»lxa^ N 
H 1 m i/— if^©#l3tejS**x^«r©jp*^rfiifc:*v^T^ 1 lit^it 
§V-1f^©^teS^^^§tegtSpx^^©l^^^t>«iPX^tifc 
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ML^<Du-y ! y£(DAMwimzBf$ l -rz>, ztifi~c%% 0 zniz^ti^ $tmmm 

V-^&Ufi 1 x 1 0 8 (W/cm2) J^.±T$)oT/^l/XiiiS^ 1 jLLsMTt-r&Z t 

n fi^x^tsffittifi&Zo ^^{^ VftcDM 

x 1 0 8 (W/cm2) M±~X:&^TSVVXlmtfljuslllTb-f&Z£ 

^{i±f3^^©-^JT*SSo ^©^-ifiPX^cDSPX^^i: LTfct 
y-^JK^l X 1 0 8 (W/cm2) J^±-efeoT^Vl/XiliS^lnsJMT^-rS3i:^ 
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^a^nM.mom^xmt^^.tiz^ ^ s m^mz^^m^nM^jomn 
t zto^ttmmomtitm t omt^xmrn^ u-^cdm^ £ x<owm t-&% 

^9-^lxl0 B (W/cm2) J^±^^^,J;o{C^;i/^U— tf^^^t- 
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©tf-^^y-^Jg^l x 1 0 8 (W/cm2) M±lzte2>&5teJVlX\s-*fyt%: 

ijox^qrt^^^o 

25 mmvm^temw 
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eh tern 3 i3^-rinx^ti©iv-ivi^t?&ofcirMiiiT*$) §o 

la 5 ten 3 t^-ripx^ra%©v-v^^ffi^feiff®i2iT'fe^o 

m 6 te^w^(3#§ u— ifjox^t: «toTto»f^nfcinxm^©¥M 

0 7 te^M^ fcfll * u -if #px#?£ * & m#3&g W7>^0^ 

HI 9 £#^66^*1 3 ifJDX#$fe©$& 2 X@tc::j3tt£Jnxft#$&©»f® 

m i oittiiiiti^ b-if»px^©^3xat-^itsipx^%©if 

Ull &4£gffl&|$]Kfc:ffi3 U-tfJpx^S©»4xSK:*W-«Jox^«fc*©»f 

la i 2 u-ifSDx^^fc «fc Dtaw ^nfcs/ »; 3 x/n© 

Hflfc:fefr*Bra©W*&bfcBI"C&*o 
EI 1 3 &#^»#iS3#£ l/-ifflnx;&$fefc:feW-;& I/— !f 3fc©$&ft ^ 'J3> 

asiR©rt»©aa*i:©H«*^-r^7 7T?*5o 
® 1 4 tiL*msm<Dm i v-imx^s j^/st* s * l — *tr mum 

m 1 5 \^mmmmomimim^ *fjax^*Kwrsfc»©7D-^ 

h Tab So 
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m 1 6&*mBmm<Dmimfctik% u-*mx&&£.& \}wm^mw^-> 
*MH?s*t£ia^»&. 

tf x a ^^-rilK§¥ffi® T & § o 

io ^^xM*^-r«w&wfM0^&So 

El 2 lti*^^j||©^2^J^5tDBf*S*l»Wt-5fe»©7D-^^-h 

o 

ei 2 5 (in 2 3iz^T%mm'&&m(Dxxv-xxvmzfc^tzmmm^&z> 0 
El 2 8 {±^w^©n 2 «ifc««taJWf^r«s©» i ig^^tff^^xA 

25 ^©$fMHT*$>3 0 

in 2 9 \±immm<D% 2 «a fc«s-®»f^ac©» 2 x^^t-jEw*?* xa 
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m 3 o it^mmmmom 2 m^%^m^m<om 3 xii^-raum^ ^ 
.032 i±*mtt§j&m<Dm2mfc&zwm%&<Dm 5 x^^-ramm-^ ^ 

tifc -9- > 7Vi/©¥ffi©¥j| b tc & o 

AM £ ftfc -9" > :?Vl/©¥®©¥Jl£ ^ b HI T» & £ o 
[213 5 (±1213 3^-r-9->r;V©XXXV-XXXV^^o^:ifMI2I-e^?>o 

1213 6^0 3 4{3^-r-9->7°;i/©XXXVI-XXXVI||^ofe®f®llT$>^o 

(21 3 7 lttH»i3litci§ V-ifiPX^fc J: & * ^ y?mMimf& 

1214 0 3 $1 ^ ^ i/ -if m^mwvmmmim -e & % 0 

1214 ii±*mM%m(Dm3Mte&&^mmffim^£ti2> i/4M^©£4 

©£4*tH-£&3o 

1214 3 tt#^M^©3l 3 I/— ifinx^^S^BJ-r^fe»©7 D-^ 
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5 4 6 i±m 4 4 ^^-r^> u ^>Mzi$.mimm<DW, 3 i^-i^dx 

§ o 

0 4 7{£04 5(3^-r^U3>^i7N^^M^CD^3f!ji3#^l/-if^px 

10 So 

114 8(±«M^o^4f!j^s v-^m^MucowMmmmx^ 0 

0 4 9 f±0 4 4 fc^-#-> U ^ >^acy\i3*^»^©^ 4l^§ b-if inx 

§ o 

15 05 0^*^W^©^5^J^^l/-1fijpx^§fflUT^7^^^^y h 

05 li±05 0 t^-T^Oif^^-f >±©LI-LI(Z?&oT^iftfcifMI2lT-$> 

20 M0-e&s o 

05 3&nj5 o izm-twm^fc? j ytm&t&uii-Limzfe^TwmLfc 

05 4}±05 OlZmtWffi^fe^J >tm&t%LIV-Lmz%i^TWMLtzm 
ffi0T^So 

25 05 5 {±05 oiz^tm^nmn^wm^fe^j y^^xwmLtz^mmx 
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05 6&*mMBM(Dm5m£&%U-mnx.15fe*m^T?7y?Xtfy h 

o 

05 7 {±05 6{^-riPxmt/^if^^^>{3?&oTWbfc¥lDl21-Tr 

ms 9ims stent u-vft0mto£&z&^mLifimmTzj&m$tiitP 

h£^tf#DXMitt;©IM0T&3o 
HI 6 3 Jim 6 2fc^l/-if3fc©Mitfc«fc*^^!RJR*sj|CHT?^$nfc^ 

0 6 6&0 5 7fcw1-tlDliPfM5'f >i:iS^-r^LXVI-LXVI{3^&oT^0ifb 
0 6 8 tt#^fflB$|g©Sg 5 0flfc#a l/-1fjQX8*fc:fflr;*. & ^§^«IJM© 
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070 it^mMmmom 5 v-m\mmw(D±mm^^^fi^m 

0 8 2 &*m®m<DM 8 fllfcflSS l/-if iqxfc ,fc b * 5 y ?mMifiBf$,$tl 
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m8 4 tt^mmmomsmmz v-ifinx^g© v-^%mmxfbm 

5 0 8 5 fcft*£S6&&JB©£ 8#JJ3#£ l^-1f jjpx^g©£#;ftJM&©-$J©-^ 

08 7 &#i^jfcl>©!g 8 i/-ifinx^g©^«ij«©^ ^fte© 
10 $j©— ffifr%^'?7vypm-e$)&o 

^J©—^*^-r^D y ^0T&£ O 

0 8 9 i»^m^©Sg 9 l/-ifijnx^^fflv^TiJPX^r^©f*igp 
£ ^ ^ y ^M» s B^^tlfeiJPXmtl©-f!J©f4^®T$) So 

0 9 l tt*£ttffl£ffii©£ 9Wlzmz lx-^px^^M^TSnxM^t;©^^ 

0 9 2 &#|«^lg©!g 9 ^-if^^X^§MV^TJPX^i3©|^gp 

20 \zz z> y ?mmmzm$ntzmj:Mm.m<D£ ^ ^ffe©^j©^0T$>So 

0 9 4{±l/-if^©^^j^,px^^©^^3>f^gbTV^S^^^1-0T- 

25 09 5it^mmmmom9miz^^\y--^m^m^m,m-r^tz&0yu-^ 
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E96 &*mmm<D& 1 omk&z ly-vm^m^m^xmniMm^KD^ 

hi 9 9 {iia 9 8 fc^-rjpx^«i©aj^»fffiiaT&So 

n i o o &*£3&&«;<d£ i omiztfkz v-vmttfe*m^xm^ttmM<b 

3*Wfc»BrC^ l/-if^©^^#m^^^<-r^^nhv>E G ©^ (n = 
2, 3, 4, • • T-#**fciRiK#£fc3o ^©lt^^»SiRJ:V^ 

W/cm2) t^Ds #Jx.«lf-^^y-^jg^l x 1 0 8 (W/cm2) J^±©^ 

•e^?W4D§o (Jgto&fc:fctt£i/-lf}fc©l^ 

(W/cm2) Tr&i;£o 
^©<fca^#^DMX^Jffl1-^^«li^§l/-ifi3nx©Ma^oV^T 
m 1 HI 6 ^fflV^T^-T So HI 1 \± l/-ifiDX4»©inx^tl 1 ©¥®HlT*& 
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— ymjL&<Dmx.ttMLQi 1 (D5Fffimx»& ^ m 4 ttia 3 fc^-rjnx^^ 1 © 
iv-ivh(3?&o fewf®07?* ei 5 (±121 3 i^-rinxst&tf 1 ©v-vatt& 

m 1 sifi 2 nz^-r ct a {3, m^nmo 1 ©^m 3 tn±tiowf^^ > 5 
^w^^ m 3 ~0 5 ic^-r j; 5 iz^mmw, 1 i^mm^fe? j > 5 i^o-csn 

x^tjlcD^t^^B^^ti^o ^M^fc^^v-ifjjpx^^ inx 

®^^^i!Jtb^©-r% m 6 ^^-Tct a tib^/jN^^^jT-inx^tJ 1 £-©ir 
^ & < snx^intj i 0-© if # rti g ^ & & 0 
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©Jp£ < & SMIrJ £ 3 ©"^ ci © J; o &»&© cfc v ^ftlWr^li^WSft 

(1) ~ (3) #*3 0 
( 1 ) ttMffi&lfi-' o5U£&Wl<D# =7 y Z 5 y &W*01*& 

n^^^to-e-rs iMmm^tfix i o 8 (w/cm2) ^ure^o 

IB^^^iiSo «#3fiJft©±Efl[i:bT«:x fllitfcE 1 x l o 12 (WW) 
^l^g&^lxJf lns~2 0 Ons##Tt;bUo &^ # <fc 

5^7 9^is«0^ mz.it, M4 5®u-immj:m&gm$M (199 

8*f. 12£) ©^2 3M-^2 8M© rmfals-y-^mmz&Ztf^Xgm 
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(A) muMMm : AW 0P£7 0 0#m) 

5 (B) l/-if 

}£M : V — If jg^SNd-YAG 1/ -if 

° &g : 1 0 6 4nm 

l/-if^X^y mmm : 3 . 1 4 x l 0- 8 cm 2 

10 ii^bM^ft : 1 0 0kHz 

^l^g : 3 0ns 
ffi^ : m±J< lmJ//NVVX 
l/—*?y6aa1B. : TEMoo 

: mnmtft 

15 (C) 

tf^sfc^-r^ajfi* : 6 0^— fe> h 

(D) Jpx?«R«j3bs«iI$nS**^©^l&»ft : 1 0 Omm/# 
25 £h&£^?}©*t£-?:&£o ^^7 4'©M^L^1-7 ? -^ii^ffll/>X (C 

o 

) ©*»#10 0fo IIP^ (NA) #0. 8 0©»«^T*So 
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©aA-c5vr5 s -*tt*#J8i/>;* (o ©tt*#5o« N nft* (na) #o 

. 5 5®S^f*So — ^Jg# 1 0 1 1 (W/cm2) SfltiP&iDX^jfc 

^^L^m^nma 1 jc^bT^ie^-f yxL^xftUw? y#w&9 
■t*j:"5fc^7 ^nx^r^ti i 3 ^ 2 1 izmm uin fc^-r «t 

( 2 ) m^«j(«(o«^ 

£-£fc>i*T\ iMt^f^i^^lxlO 8 (W/cm2) WJrefr-o/vi/* 

mmmivm&temhLfzmmt^? zt&x-%Zo mn^ j^h 
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W/cm2) T*&£ 0 ^;i/^itig{±^J^«lns~2 0 Ons#$?£L^o 

(A) iUJL.MM.rn : ^>J3>>)i/\ (Jp£3 5 0/znK ^f!4^>^) 

(B) I/— if 

ft^ : ^^V-if®^Nd:YAGl/— tf 
$5 : 1 0 6 4nm 
10 I/— IfftXtfy hif®a : 3 . 14xl0- 8 cm 2 

rnvMLmtiLm. : 1 o okHz 

: 3 Ons 
m± : 2 0 #J/; VP* 
15 1/— 1f*teffiK :TEMoo 

(c) mtftmvyx 
mm : 5 

NA : 0 . 5 5 

20 Is—Vyt&fktzM-p&mk* : 6 0 fe > h 

(D) JflX^fei»3&stt»^n*«8^©S?l&ME : 1 0 Omm/# 

25 ©*££ttl 0 O/zmUB&rC&ao 
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3i51¥&^UTV>3o ^ U =1 >*K©JP#t# 5 0 //in, 10 0 //m, 2 0 0/i 
m N 5 0 0/zm, 1 0 0 0 /zm©^W;:o^T±fBlll#£^ Lfco 

#J£J£x NdTAGl/— 1f0$?:ST&3 1 0 6 4nm&;i;fel^ ^'J3>SI® 
JP##5 0 ^>U3>^M©^T"ttI>-1f^^8.0%m±^ 

m^^> 1 7 5 jumoffifrizBj&zthZo zoWi&ommmt, m$ 2 0 0 

1 l©^trM^ti^©{±fl^T«^Ds i££^#3gM-r£o ^> 
U=7>»>i/M l©F^gPTl/-1f^DMX^tiT, ^ife^a^^^un>r>^ 

$ fitz % (D iz ttfc < . «fc a tifc c t ft rn^-r 

gfg6 6H (2 0 0 0^4£) ©f|7 2M~3§7 31® f~t? lx— if 

?<Dmfi&^v^>%*s\(Dmffi£mffiteMm-?2>zti,z£y)^ & 
gkm^mztiZo ->v^>^^<Dmffi£mmtemmT&z<Dmfi&&mizm 
its^$)§u Mz.MMLmzi]i£wmgti%>z tiz£ mMtzm-skfo 

~M.mm^mmihLtz^mtt^tzmMt^mtit^Mt^m^ mm 

b $ f&Mt%Wi&(Do*>{p?£< £M^*ifr-^-?:&& 0 ^-ttKDm^^WmWiCD 
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( 3 ) fcwmmtm ^mitmmo^ 

&ttZ>m$&m&l x 1 0 8 (W/cm2) &±Xfr^SV\sX<m& lnsUT(D0ki*X 

tixmftmmbmmmzi&ztiZo m,^m(D±mmtLxi±, minx i o 

12 (W/cm2) X&Zo /^Xi]>m±mJ£lns^Tft s $?£b< N lps^T^^ £> 

ymaxm^rnxm (199 7^. 1 im ©mo 1 ijc© r ^ 

o 

l^J(^§ V-ifJpx^(3ov^T^-r^o Ell 4&£©# 

^^fflT^§ b-ifipx^m 1 0 0 om^mmmx^^o u-^m^mm 1 0 
mzmffi-tztzmzu-yytw. 1 0 1 *®mt& u—yytmrnom io2t, v 

-if»©MMm*Wb^oix--+f^L©^$ft©lRlt^9 0° l£;l3J;3£I2 

1 0 1 %xmiimmmz^%tz®<Dxm* : T-*j 109^ 1 0 7&x 

#^lq]tit^1-§Y|fi^[p]^i&^-y-?>fe«)©Y|fi^^-^l 1 li:, mg£ 1 
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St, Cti$>=o©^^-^ 1 0 9,111,11 3(D&9h*®mtZ>Xy"-i?B\ 

X(Y)f*^^-^10 9 (111) ^J:DX(Y)$^|pj(C^iii$^§Ch^J;f9ff 
Oo X(Y)$*X^-^ 10 9 (111) ^#Sj^0-^J^^^o 

is—yytMl 0 Ki/Vi/^i/— if^^^-T^NdYAGl/— tPT-a^^o I/— if 
^1 0 1 tem^ZZttf-ZZZls—*? t LT\ Z(D{ik, Nd:YV0 4 V-if^ 
Nd:YLFl/-if >V77J7 Z ^ y $ W^^^WRMW^ 

%BJ&-t&M-&, NdYAGV-if, Nd:YV0 4 l/-if. NdYLFV— if£/f§M£CD 

0!l*C*So Ztt^^-^l 1 3(iV-^©*^^DX^ti©^^fc-fr 
V-VtUUm 1 0 0 fcfcS 6 fc % Hg£ 1 0 7 fc««£ftfcjbni^» 1 « rT 

XI 0 5 i:0SW^O'f t ^^7-l 0 3#lBE£;ft,TM£o bT-A^rU 



51 



WO 02/22301 



PCT/JPOl/07954 



l/~ ifjpx^i* 1 0 0J±$fefc % tr-Axru 1 1 9, ^>f#D-fy^* 

■7-1 o 3Mi)fcffli/>xio 5 tmKM&ttemwztifrmmm^i 2 is 

lFlt«l/>X 1 2 3 £tfjfx.So St&Ht^ 12U LT&M^fcfCCDCcharge- 
coupled device)*^ ^#&£ 0 #ltri^^ -Y > 5 ^£^t?g|® 3 £J£U3 bfe W 

xru>^ 1 1 9*aau »>xi 2 ST^^nTaMw^i 2 mi 
XAStiaafcT*— 1 2 5 v— ifiax^M 1 0 o±#:^$ijip-r^^: 

ttfflfflffl! 127^ ^E— # 12 9^ ^il^^o aMfe^-^^DsffifiU 12511 9 
#^-^^S^bTli^ffl^Ml 1 7 Uft^oM^Si 3 ±{:^b 
t^fc&OMr-^^IIt^o Clffl^^-^^^bTX^-^$iJ«l 
1 5*sz$ftX^-^l 1 3^i$iJit§^J:(: ( i: ^ W«#©£0£*^l®3 fc: 
-£•5 Xofc-t&o ck^Ts SMfeT*— ^«LS® 1 2 5tt^*-h7*-*^JL-y h 

3(D&*m^(DmiMy £ -$%MW-t%o £©Hfc^— *tt£#$HWIRl 2 7 £ 
, ^E-^ 1 2 9 fclfcfcBfc^ff^SftSo 

^#$ij«i 2 7fc{^ ^-s^jmpi 1 5^^©^-^, m^—zmm 

«IU0 2, m^ffl 1 7S^t-^W1.i 5&#J»*rscii:fc:«kb 
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sol/— »f3fc l ^%^-r^\y-^%mi o l^a^-rs (si o i) Q mz s m 
LTs jnx^ifei© z w*iqi0^ifr**^-rs (si o 3) 0 £*xfck i/— 

L ©Jl^ P ifiimxttMtto 1 ©ft^£££g£-M-£fc#>k: N m^MM^o 1 © 
3 tc&gfs iz-ifft l ©;Hto&£^£: bfc£ax*fit^ l © z iitfj[Ri© 

joxfcr&igB i & i/— if ipx^g ioo ©f<g& 107 izmmt^o z lx, m 
mmytm 1 7*»&qr*^*i6^$-frTjpx^tt«ri*fiswr« (si o 5) e 
M0j^tifc^oif^^-r > 5 %^t?iaxmtj i omm 3 &$hmr? i2it,t 

m 3 fcM-r « <t o teMti?-* %mwTz> (s 1 0 7 ) c 

£©£0^-* bT Z tt^T— ^ 1 1 3 £ Z |fi^(Rj©^ffij^^§ (S 1 0 

9)o £*U:<fc»K ll^ffi^l 1 7<Di$&ft<DM&1figm3k:tiLW'tZo &4b\ 

ni 2 7£^bT^&-* 1 2 9£3t£tu dftfccfcD^-* 1 2 9 teWm^fe? 
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±foS$m& 12 7 Izlt^&bXT v 7° S 1 0 3 -C&feZtitz&WiS:?-* 

1 1 5 ttCIC^i&M^-^SoV^s 1/-^ L 0Hftj& P ft*/jpx*j-g< 
tfoKDftmtteZim^ zm^-Pl 1 3^J;{9tjpx^tn^z$^fDiiz: 

j^i&^-frs (si i Do 

mz s is-vytmi o i A^u-if^ l *%£mtx, i/-if^ l ^dx^ 
ma i 3 ©©iff^^-i' > 5 \z.mm?2> 0 l p 
nmm 1 ©i^fc&mLTi^©-^ ^i&M^&/jpx^gitj 1 ©pwz©^ 

jjPX^tJl©^^ffM-T^ (SI 1 3 ) 0 ^IT, iPXM^t) 1 ^Iff^ 
7^>5^^oTffltf^ci^(c:J;!9s iPX^^l^^ifri (S115j 0 £ 

>5 £MftfbT^6o ^bts X ffiX^-^ 1 0 9^ Y ffi^-^ 111^ 

oTtjpx^t; i ^io^c jt^/jN^^^^pxmtj i %wm-?z> 

Ztlfi-eg&o ^tliCctDs SPX^tJl©^®3^if^^-f >5fr£>^Wi 

fe^^^i!Jti^^^^^i^^<tjpxmtii^iif-r§^^^-e§^o 

lfil#iJk:J;*U£, *PX^riitJl^#^PMX^C^^§^tr^otjp 
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5fcJBHJl/t^So <fcoX\ JVlXU-Vft L I±inx#fc4& 1 *3S»U iPX 

5 & ^nfc^5&»jft^Hi^ us < s m^nma 1 ^its £ 
iot, iDx^t/i^j^.«^#^x^0^, ^f^^.r 

iots igiw^tuf, ipx^t/^wr^ei^^^Df^M^n^Mp^ (#i 
xjf^^yr, EEa^vM^^^r, ifg«(D^t) ©^£D&irj± 

* fes Hi 1 fllfc: J;/ifc£ % tin^MMW) 1 0^® 3 (DWtiftfe? <i > 5 &&H bft 
^©T\ tjOirP^>f >5©ffi (£©*gfci\ m«3M!*#£x^©»-£- N ^#f* 

^yr£ft£^pg±©^llT-&3o) */j^<f#5o cixfciDN -^©Jn 

^fes ^l^fccknKx ^□x^til©WlJPXi3i/-i7 y ^^fflv^©T\ V 
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mmsmmm^wm^^^ > 5 £ a tisnxm^ i ©rtfcfcj&sfc-rso 

& (s i 3 i ) 0 mm&% lp l *MJL.ttm.m i tMtj-r^ 

^i*wm~?z> (si3 3) 0 t\\JLnnm\^y^^y^-vy\z 
x^%i^(± N svixu—yyt l ep *mTmvi<Dm&(Djjfa& 

®W^%.7j>5te%i5£olzLX, /^WU-1f)fc L ft^|j£;h/T^3o d 

^§§0 ^©J;at^3«^^7^^^^»^i^^^§©^ iox 
^tfl0iJnx^lf-K^i^±^-yr§c:i:^T^?.o ^a^h^CM^ 
ft£ ^ 7 v P X *° v h fcfctjUBr?^ -f > 5 fcteo fc#fa^©#iSafc& £ D Mt>" 

citi&©s&*i±«t:ttw , rs*4«i'T?*iM«T?*ao 

[H4$J] 

i/-ifjax^3 0 oowmffifmx&Zo ]/-¥UQx.mm3 ooctMi® 

5*>> H4 0t:w-r»3«lfcfll5l/— ifjpx«1t2 0 0cD«fifcH*fcra-5*fc 
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i/-ifjQx^a3 o ofctes m 3 m<D 90° @ri^2 o 3&m&t>tixu 

* d 4 3 3 mzfc% l/-1f JDX^S©^ y 7°S 1 0 1 £ X =r y 7°S 

J: ?K ^4^J^3j3V^T^)^3^J^|5!^^^px>!^j■^ 1 (±1214 4 fclTjVf <fc a JdJPX 
2;ft,3o *^-^fM3IU 15 ^^#7:^-^2 13£9 0° ^ttHlte 

£tf3»£-f&o 1 3©Hlfei3j;DJPX^tJl{iX-Y^ 

fflfc;fel>T9 0 o HJ^^-^ 0 zmzXDs i4 9(:^tJ:a^ -TT-fciSfeHff:^ 
^X^^T bfci2J©ri^5M > 5 ££Mir&«r^:7^ >(3^oTs HR 

mmw,*Bf%tz>o mmz, x^.^ysi 3 3i:isiii{cbTipx^tJi^w 
j; a £ % ipxmt/^^ici^^^^^-y-Tipx^ti^ v-if ^^trrs 

^i:^3 t k^)^px^tl^S(^bT^)ckv^o ^tid^oT^tJPX^ti^^Oif^ 
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0*5*0 

teH5 0©«J»f^7>r >5±©LI-LIK:?&oTtO»fbfc»f®ElT'feSo H5 2 
s 053, HI 5 4fcfc^avefrl0 5 0 (DWm^fe'r j > 5 hn:^-r^>Lii-Ln, 
LIU-LEI, LIV-LIVt?&oTMbfeIffiiT|.^o £ *1& ©0;&>£#fr& <t 

inx^t>i©w©*ijg^<^So iDxmtii©w®4 3©iaa 

A s ^t<^S©T?«J»fM4 30¥WKft§„ £*i£2tbT\ 1215 6 

sl-eti)^^7>^^y h 9 o<z>^n»f^7'r >©^riqi^&-rixfc^iRiojs*s 

t)**P»jT?§So iots 1215 7^-Tctd^if^^^>5fc?&ofetjDX^ 
&ttf 1 ©tflfr ©»J£-£«J»r ffi 4 3 ©¥Stt£ ft±£«££:#T£3o 
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0, NAO. 8®]|W7^^yKO^$li N Ml/>X®^5 0 
, NAO. 5 5©S^©^7V^^3Hy h©^#^«fcD*/jN^<3&So b°-^;l 

9 O©$fffi0T'&£o El 6 0 fc^-Tflltts 0 5 8lc^-r^J«kD^tV>PgP 
7&J5fc£*ifc*^y^;3#y h 9 O©®rTS0T&3o h 9 0©B£ 



81 



WO 02/22301 



PCT/JP01/07954 



h 9 o ©ifgw«^4 i m^nmm i (Dm^^tm^-t^>^\pi<D-tmz^ 

mU4 1©£*i£>®tJ-&£/Jn£ <1r%>£?^y?Xtfy h 9 0© 
i^h^iflw^/J^ <trt, Zti^CD-^&ttM <-t%>£? : 7y?X?Fy b 9 0 
©i^h^sw^t <Tt5 0 HI 5 9 tme l*lkm'ttiltnMt>ft-&£olz s 

ftL#ft^£J|^£ftT^£;{JDX^i^ 1 ©KfSllT^^o HI 6 2 

I/— tf^©/^-^/jN^< bTM£©-£ffi$4 1©M3§&I2I5 S^tW^A 1 

Bf&£titz?^yPX#y h 9 0©fr®|2JT*&3o EI 5 9 £:I2I6 3 ©ifcij&fr £ 

X%<) -f&tZ^vPXtfy h 9 0©^£li^gw©Tjiic£/J^ < (>^^<) 

EI 6 4 lZ?Ti-?ffll£^ HI6 O^-r^lJJ; f3/J^^^ / ^;^•r7-©^;l/^l/— if 

i±TOIf)T^So ^tf-A^M©l/-imM£^JfflLT^3 
fe®, l^-if^©^S^H<^Ol/-if^©^g j ^^T t ^qrfg^^^o d 
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vz^vYcb^mx, m%-&wm(Dm&(DW>£, ^mm^m^m.^m.m. 
©#iafcj&frr«#7y*;*3tfy h 9 o©Tm£*#<-f& 0 &:&\ 136 6&m 

5 7{3^-TSpxmtll^LXVI-LXVI^taoTtDifbfc[2lT$)§o <fcoT, 

*° v h ©^-&©MWT* § 3 £ t fco^Ts £ ^ y ^ y h (D^X 
^;i/^u~if^©^7-(±^J^iil;Vi/^^fet)©ji^;i/^- (J) T-i|-f££ 
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-ifiPX^M4 0 0©«»S«fiKia7?**o l/-ifiPX^g4 0 OiloV^ HI 1 
|ft©ND(neutral density)? ^ N =§-ND7 -Y £ if^LO^Wfcfcl'b 

L©^7-&, WHHfl&SM 0 lMl/-tf»JWl 0 2(D'Pt£< h$>\\ 



84 



WO 02/22301 



PCT/JPOl/07954 



vw,*mft?zm?fcmu>x*ffl^ts\s>xmiRmM4 03^ v>xmi 
10 ii4 0 3 tetom+z is >xmnmmmmu 4 d J 5 &nx. 

vyxmrnmi 0 3im%mv>xi 0 5 a, iosk iosc^ £*l 

^§^-r^>^«4 0 £<ix.&o i)fcffll/>X10 5a^tfm© 

^^mcDmnmit^fi^tim^^o i/>xmiRmm4 0 3i±, u>xmtR.m 

3feffll/>X10 5a, 10 5b, 1 0 5 c <D*fi>t>pm<DMy£F8l' >X£ U—*f 

^ >xMit 403 %Mm%m v yxomt 3mizmfe$ 

20 tits ^ftJ^©$re&J;^o i/-ifinx^g©^#^T^-r^^f*» 
m 2 7 Fm*m^xmnm<DX%£xi±m%mu>x i o 5 a, 1 
05 b, 1 0 5 c(Do%¥tifr*miRT%m^*xiJtz>ztiz&v)^ m%m\s 

l/-ifipx^©4 0 0©*&8£1 0 7(:l±, I)fcfl/>X1 0 5 a~l 0 5 c 
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g&l 2 7fci\ iftSMRSM 1 K ^HH^BBii^4 1 3^7j®H{f^p4 1 5£ 

ffll/>X10 5a N 10 5b. 1 0 5cCDV^-rtl,A^M^-r§X^(3bT% J:V^o 
-©i^ £#f«g|U 2 7CI)tffll/>7:i 0 5a, 10 5b N 1 0 5c N ^ft 

t£©Ei:am*#y h©^«fc©ffillg|&A^&s3tt£;ft-rM£o 06 9J±> 

l/>X10 5a N 1 0 5b N 1 0 5c©=8-^k:o^T\ **X&&$tWteM*©gBP 

-1f^©W-©:*££#S^£;tx3o ^©Hfcfciu ^JfifSfc©^?— i:K 

2 4 x 1 0 11 (W/cm 2 ) SPft^O. 5 50k§fcM 
Uti&WtXXtfy h<D^m± 1 2 O/zmfl^o ^©^HM^©^-^^ m*. 

&\ i/— tfjDXHufcis5 8~n6 5?&m\sitmm&'r&z.b.K&!)n&zbifi 
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it, m&^MMmmzMfot&^m?-#& ; t-# i 2 9£^£>tiSo 
ifr£H&ffr?ESB4 1 sj^^^o wt-ffrt^ 1 5?±, £©^m©^-*£ 

S£LT£©Tm©&ftX*> h©@i#^-^^^U ^-^ 1 2 9tl^ 
dtUc^Ds 1 2 9fc&&K;**> h©®#&^£;ft,3o ckoTs U— 

■&(D^—7M±m7 0^^1-J:a{c^^ o ^Jx.« s ^<7-£l. 49xlO u 
(W/cm 2 ) £m^LP§Pifc/b s 0. 5 5(D£%izBf$£tl2>%ZWZ#y h©^ 

n^ii^t^o d©^©^-y;i/(±i2]7 1 1^1" kotete&o m 

nm*0. 8tmfeL^V-ftl. 19X10 11 (W/cm 2 ) (DtglzBf&Z 

H!6 7£M^T\ ^^^©^S^JM^lx-ifTjnX^^^-r^o 
inx^t;l«iy ij3>^xA^^ 0 ^5M(-*5^T. HI 5 J^TTI?! 
^§l/-ifjjnx^^|5l^tx^^r SI 0 I^t^T-SI 1 1 £-£©»#£ 

2 7£A±f«o A^^tlfe^y-C^-^^S^^T, l/-^ L 
(D^V-l±^V-mfflU4 0 l^ck!9iig5^n?,o A^^tlfcHPm©^-^^ 
HP^iV>X^^»J«|S4 0 5 £^UT 1/ >X?!iRMf 4 0 3 

Pm^l 2 7©^?1^4 1 1 (IU68) £A;££ti£o 
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^lt\ 1211 siz^tMimim&v-^mttfetmmte^yysi 13 
mz, *mmzm®m6miz.^xm5mt(Dmm*^'htemm-tz>o 12172 

&;r©i/— tfipx^ms 0 O©m0«j$im:&£o i/-ifipx^5 000M 

l/-ifiDX^5 0 0&s ^y-Mg|54 0 1 h^V^D-f ^^^7-103 
^©P^0l/-if^L©^±^tf-Aoi^r^^1>^5 0 lft*IBg£;ft/T^£o £ 
-£:ndf^>^5 0 1 &fg^qT^-e& ?K fcf-A^x^>,$f5 o 1^±?)^ 
-if^L©tf-Ag7b^^<^§^a^li^5^tl?)o bT-Aoi^^^>y 5 0 1 

4 0 3 ©ftfc> 1 -D<Dm%m 1/>X10 5 fctftx. & o 
b-ifj)PX^g5 0 O^m^^S^J^lz-^px^gcDili^^^^?,^ 

t\ £ft£-^Ts£Bj-r§o £«imsi 2 7{±tf-A^^^^>^5 0 1 tm 

n$}lZt£M£tlTUZ>o HI7 2&£©|2I^£#|iI&LT^3o £«'JMU 2 1 \Z 
Ml 3i±, tf-AxdW?>^5 0 l^IBg^tlTV^V^^©^ffll/>X 
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1 0 5fcj;5U-tf)fcL©i)fc*^ti-e*5o -2k EI7 4J±, lf-Aai^ 

^>^*5 o itfmw$tiT^%m&(DMytmu>x i o 5fc«fcsi/— f^gl©* 
;i>^*5 o nfimm^tix^t^m^omytmuyx i o 5 £^t?ft^©iip 

o 

^^7-103 ii^Tfcffl 1/>X105 i:©^© 1f»©}fe$fi±£!&Ii^ ^ 
6 o i/^KM£tiTiA&o mzwtb 6 0 I (Dmn(D^%£ Z£.lz£t)m. 

7fe«ix>xi o 5®«Mt§o »«t> 6 o i \mnmmB^Wi<D--m 

1 2 7^J:D$iJfP^tv§o 

b-ifiox^g6 o o©i&ff^5^^6^ij0U-ifsnx^g©i!/ft^M 

-z&Zo i/-ifjjnx^g6 o o&xt)$ntzmnm®*%£tem^xmmt) 
6 o i©i§p©*t££^;i3;i£k:j;*K i^i/>xio sommom^ 

tl£H7 6Mqi7 7£^T§£Hjrr3 0 
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nn^iBitgM 1 3^i± N ni7 l^rmmm&cD^-zft^mmztiT^z 

m*mmLT%kfe$nz> 0 ^©aajcij;^ ^y-»^P4 1 7&*@in@i#f3ti 
aP4 1 3*^ci(D^^i5ibfis©^^^-r^^y— &?iiRU ^©w— © 

cih ft* RTfE ^©/^-©^^^©T-^lfc^ 1 2 9fc&3|£>*i, 

\ ^-©At^^^ft^o ^©MT^HP^S^-tr/^-^qT^^^^ 
o fc:fc\ A*^tlfc^^|Blbfifi©Tf&^g||||^| 3 jggp4 ! 3J;:f3fi:£*lT^ 

^^^^to^lc^-r^/^— ©^—^/bViy-iigpgp4 0 IS 
20 tf^E-* 1 2 9 £j££>*l£o Ctltt^TfcattW-rS^^J-C^IHR-CftSo 

EI 7 9 tt*^6Bji© lx-ifiJDX^g©ffe©^B^Jtcilx ^>n§^«"J«P 1 

2 7©7*D-/^0^a5§ o ^mtoi 2 7rap^3i^H 1 9%.wmmmm 

1 3Sii^§o 0 7 8©^»Ji:M^a^ ^9-T-ii&<liPiW 
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5 *timZ^ 
15 

20 tuiav-iF^^mt^ftfc^ 

lx l o 8 (W/cm 2 ) ji±t&Sc):at:/i;i/^i/— if3te*^-rsH^U>X 
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t (ommrm & * mm l mmmm^m t , 
15 41. mtt&miR^mxmiR£ntzitfe<D$tmx#y hoi^fm-rs 

mams 6-4 OCDV^•rtl>b i tf3«6©^'-ifi^X^g 0 

4 2 . ;vi^i|g# i /zs^T©^;i/^ u-^^mmir^ u-vytmt, 

20 ituf3v-im»^/±j|^;ft^ 

luf 3 1^ -if mm 3 ftfc; i/ -if %®m%&(D t: - 
lxio 8 (W/cm2) J^±fc&S<tafc^;i/^l/-"tf^5*^-rs*3te^©i:N 

25 i§rfc>«3M^ 
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7 -©* ^ £ & MiB^ii^fBit^^ ai^-r a ;t 9 -aa^ig i: N 
-5 titular— yyfMfrbmmsti&JVi/xu— *ry6(DJiv— ©*^£& 

15 lx 1 0 8 (W/cm2) &±lzte%£ote^)lxu-y t ft%M?6ir2>My6m\s>X 

20 mz&t)l£Z>^&ts 

BiBPs^M^^t>^X 1 sVlZMVlZ I/— if^^tufB^PX^t;^^ 
25 tfrsci^fccfctu tulBra^lo©^^^^ h«^^ti> 

m tarn nmmm^mz x v mm $ tiz m uwlo± % £ t&wx <o-tm t 
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io i x i o 8 (w/ cm 2) w±£&s &?izsi)ixu—y ! ft%My6'f&Mytm\s>x 
25 
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1 x 1 0 8 (W/cm2) £X±\Zt£%£o\zn)]/7,\/-V%%:m%1r%m%m\syX 
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5 i x i o 8 (w/cm2> %k±i,zte2>&o fc^vi/^i/— *f%*m%-t%m%m\syx 

IBitiJ© 1/ >X©gg Pit©* # $ ©ll^E&WX y h otS t ©ffiHH^ 

20 »©^§^©sa*iui3*BMM^sa«^i8^^a^-rsjffiai^ie^x 

25 V-ifi0X^g o 

4 7. BufB^'7-?l^m^ c kDM^^tife^ , 7~©^:t^^^-r§^ 
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4 8. m&mnm&¥m&&\)^£tiitmn&<D*£$%mm?&mm 

^&*m%.%s »*S4 3Xt±4 4fatt©l/-1fJnxMo 

4 9. iWBffiS«RM!fc«fc DiBiR^iifcffl©^^— ©^t^ZSLVWPft©^ 

If ^4 5Xfcfc4 6|B«4©l/-1fiPX^g 0 

5 0 . HufBijDfr?^ -f > iiiif3Jnx*f#itf© KrfflrtiJ fc^fig^f jxfc 

o 

ff^3 6~4 9©V^-rn^i3fB«©^-ifSDX^Mo 

5 i. if3te©^j^*jnx^i»©rtSfc:-&t)-fr'C> HuiBiDx^ 

fc?&oTi9fE^x^»©rtajfc^^iByRfc: &&ftmm&j&j&T&m i xa 

U ^o;vi/XU-if3te©*^*t&S3finx^^©i*ifiPfc:-a-t>-frT N fufBflnx 

nmM\z-)VV7, u-yytzmm-tzz. tiz <t luiBjjnx^t/©^©^^^ 

>t&oTliuf3#0X^iitf©rt^ 
6lg2Xfi^ 

5 2. ^vi/^i/-if^©^^^ijnx^tj©^{^t>-yrT, fuiBflnx^r 

£fc^TiiuiSiQX#i»%©|^£^ 
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«t d < < & 3 £ ■? fciass u ^0/ vi/x u-if Buia&D 

5 ^iis, 1/— ifftjx^ifeo 

10 1 x 1 0 8 (W/cm 2 ) &±lZte%£5lz^)],XU-y i yt%:mft~fZ>myt&m£, 
15 £tfix.s 

25 *mZ.Zs 

5 4. l/zsWT©^^l/^^-if3fc*ffi|J"rS V-1f3te®^ 
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1x10 s (W/cm2) &±lZt£%&5lZJVlXl/-y t ?t*m?tt&Mft^&b, 
BufBP < gg5fc^^^'&fc-yr^OBufB«if^^-Y >^tSoT^^^^S^{3 

Ds iuf3M^^^>^^oTMfB^t^0tfffB^^*"y hmmzti 

15 

luHBA*^tife^©At^tS^V^TIWD'^atuf3^^^^ mogggt^ 
lxlO 8 (W/cm2) JUl±t:^SJ;a^W^^— tf^^^-rsn^©^ 
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fan bt -^mm^m. 
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ixio 8 (w/cm*) u±tetez&o\ l z.svvzu--y ! ft%m?t-tzm?6^mb, 

lx l o 8 (w/cm2) J^±(3^^ e k9^;N';^l/-i7 t ^^^-r?,*^|g^ 

25 
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ixio 8 (w/cm2) ^iztezx^izAfrxis-^ftzmyttzmyt^mt, 
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futBft£|U;:|fc^£^;b#fro^ 
!K Byt3«^^>£?ft^Tiiut3ft^^ hftBffi^ti 

s £ t & 5 «t a gut 3 1/ -if ftMfr z mm $ ti viz v v^mwl 

$t©*t££ii$5 U 

Wo 

6 3 . mmW&ftfe^'i >^^oTluf3iJPxmtl©luf3^^B^^tife 
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IffiflafflJtftfflBtiu BufBrtSP t * ^ y ^ bfc«JfrC*3 * ?y?m 
t& iiulBft^fc^T&Iii^ilbfc^ 

£tN Mc® 5 3-6 2 ©V^tlM-fBis© IfJnx^fio 

HuiBipxM^t? fc^ij £ ti & v -^%<Dmm^nma^oxmij^ & & % 

6 5 . V-^©^3fc^^iPX^^cD^^^t5^TlufBSPX^tJ{3 1/ 
-If^^-rs^iifcJ: fflBSPX^%o«JWf^7>f Xi^&oTtufBiJP 

lulBiJPX^f^^jizMM^ ti£ l/^if3fe©tufBJpx^|-^^3^\(DAI^^lRl^^3{^^» 
6 6 . U-yftomftjktjSttZ \Z—9rtV—m8t1fi 1 x 1 0 8 (W/cm2) 

rtfflfc^to*TfriBfinx^ftfcp-if^^^"r5ctfc«j; *k Iuibapx^ 

tl©i2Jfri^^ >{-?&oTtuHBSPXmtJ©^^M^^B^ib, fro, 
MIBiPX^tJ^MIt^n§l/-if^©MIBiPX^^^©A^I^^^{t§ 

ox^^dtitWM-r^xatii^Ss i/-ifjpx^o 

6 7. iMB^©WfS®fck fff3iJPX^atl}c:M*f^n^l/-1f^*sA*r 
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6 <D^r tiMzmm® is— ifinx^&o 
6 8 . mmnmmt. mm^nmrnom^mz^x^^ y 

b femi&x & & ^ ^ y £ mm, tmP^B * v > t lili b fc & & lifto. 
S^^TOBBrt^fc:fev^ 

6 9 . l/-if^©^^^iJPX^tj©l/-if^©AI*®^bTBufB»nx 
<fc D t>^I3AI^M^3?fiv^^3ISX(i?iv^^iEi3s^^ fufBiPX^^fc i/~ if 

o 

7 0. mZXMmzl±m?7/UXRnmW**->(Do%'J>te<b&—j3 
liulBflPXmtJfcMl^ft^ 

ifiax^^ 0 

wmm i xa^ v-^%(Dm%^m^m^nM.m(Dm^n\z^xmm 
hixmmT.nm.mz u-*?yt*mM-f& £ ^ \z & ^ N lufBipx^t/o^© 
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7 2 . ffi&4k®&MmM%md&Kffi&& t> &ityfBflPX*fgitf© I/— !f 3teO 

7 3. Kff3!jpx^t/^l/-if^^^-r§^^, l/-if^©^^{3*5 
Wt-^A'y-WlxlO 8 (W/cm2) J^Lt^&oTVW;**!* 5 1 /zsJW 

n&AG 9-7 2©V^t , n^^I3«l6CD^-ifiDX^ 0 

frSl?-^W-^j^l x 1 0 8 (W/cm2) Jei±Tf*oT^;i/^«*Sl/zsJ!U 

t?fniBafest««*^-r«N mats 6 9-7 2©^r*tfrfciB«©u-ifjnx;£ 

7 6 . Kfia&PX^ftRWfcfiHIJ^n* l/— ^©^^©BufBif^Iql^^tt 
^^n^l^-if^^l-^lufBtiPX^tlOS^Tl^-r^^^tJ: D N HulBiP 

-r§fte©?i^xa^> 
fufB#©*g#ift^ms©7^ 
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lx 10 8 (W/cm2) &±lzt£%£?lzsVl7>U-V%*MKTZmft^®£s 

;^ffii^;ft£/vK*i/-if5fcf^ 

mmm&mtek btmztitzmmnft&mmv^-tRxfmmmn^mz 
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